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SPECIAL NOTES 


1. API PUBLICATIONS NECESSARILY ADDRESS PROBLEMS OF A GENERAL 
NATURE. WITH RESPECT TO PARTICULAR CIRCUMSTANCES, LOCAL, STATE, 
AND FEDERAL LAWS AND REGULATIONS SHOULD BE REVIEWED. 


2. API IS NOT UNDERTAKING TO MEET THE DUTIES OF EMPLOYERS, MANU- 
FACTURERS, OR SUPPLIERS TO WARN AND PROPERLY TRAIN AND EQUIP 
THEIR EMPLOYEES, AND OTHERS EXPOSED, CONCERNING HEALTH AND 
SAFETY RISKS AND PRECAUTIONS, NOR UNDERTAKING THEIR OBLIGATIONS 
UNDER LOCAL, STATE, OR FEDERAL LAWS. 


3. INFORMATION CONCERNING SAFETY AND HEALTH RISKS AND PROPER 
PRECAUTIONS WITH RESPECT TO PARTICULAR MATERIALS AND CONDI- 
TIONS SHOULD BE OBTAINED FROM THE EMPLOYER, THE MANUFACTURER 
OR SUPPLIER OF THAT MATERIAL, OR THE MATERIAL SAFETY DATA SHEET. 


4. NOTHING CONTAINED IN ANY API PUBLICATION IS TO BE CONSTRUED AS 
GRANTING ANY RIGHT, BY IMPLICATION OR OTHERWISE, FOR THE MANU- 
FACTURE, SALE, OR USE OF ANY METHOD, APPARATUS, OR PRODUCT COV- 
ERED BY LETTERS PATENT. NEITHER SHOULD ANYTHING CONTAINED IN 
THE PUBLICATION BE CONSTRUED AS INSURING ANYONE AGAINST LIABIL- 
ITY FOR INFRINGEMENT OF LETTERS PATENT. 


5. GENERALLY, API STANDARDS ARE REVIEWED AND REVISED, REAF- 
FIRMED, OR WITHDRAWN AT LEAST EVERY FIVE YEARS. SOMETIMES A ONE- 
TIME EXTENSION OF UP TO TWO YEARS WILL BE ADDED TO THIS REVIEW 
CYCLE. THIS PUBLICATION WILL NO LONGER BE IN EFFECT FIVE YEARS AF- 
TER ITS PUBLICATION DATE AS AN OPERATIVE API STANDARD OR, WHERE 
AN EXTENSION HAS BEEN GRANTED, UPON REPUBLICATION. STATUS OF THE 
PUBLICATION CAN BE ASCERTAINED FROM THE API AUTHORING DEPART- 
MENT [TELEPHONE (202) 682-8000]. A CATALOG OF API PUBLICATIONS AND 
MATERIALS IS PUBLISHED ANNUALLY AND UPDATED QUARTERLY BY API, 
1220 L STREET, N.W., WASHINGTON, D.C. 20005. 


Copyright © 1995 American Petroleum Institute 
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FOREWORD 


This publication covers the laboratory test method for determining the water and sedi- 
ment in fuel oils by using the centrifuge method. 

This book—Chapter 10, Section 6—forms a part of the API Manual of Petroleum Mea- 
surement Standards. The Manual is an ongoing project, as new chapters and revisions of 
old chapters will be released periodically. 

API publications may be used by anyone desiring to do so. Every effort has been made 
by the Institute to assure the accuracy and reliability of the data contained in them; however, 
the Institute makes no representation, warranty, or guarantee in connection with this pub- 
lication and hereby expressly disclaims any liability or responsibility for loss or damage re- 
sulting from its use or for the violation of any federal, state, or municipal regulation with 
which this publication may conflict. 

Suggested revisions are invited and should be submitted to Measurement Coordinator, 
Exploration and Production Department, American Petroleum Institute, 1220 L Street, 
N.W., Washington, D.C. 20005. 
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Chapter 10—Sediment and Water 


SECTION 6—DETERMINATION OF WATER AND SEDIMENT IN FUEL OILS 
BY THE CENTRIFUGE METHOD (LABORATORY PROCEDURE) 


10.6.1 


This test method covers the laboratory determination of 
water and sediment in fuel oils, by using the centrifuge 
method in the range from 0 to 3 percent volume. With Chap- 
ter 10, Section 3 (test method ASTM D 4007, IP 359), this 
chapter supersedes API Standard 2548 and the previous edi- 
tion of ASTM D 1796 (IP 75). 


Note: For some types of fuel oils, such as residual fuel oils or distillate fuel 
oils containing residual fuel components, water and sediment contents are 
difficult to obtain using this method. When this difficulty is encountered, 
Chapter 10, Section 5 (ASTM D 95) and Chapter 10, Section 1 (ASTM D 
473) may be used. 


Scope 


CAUTION: This standard may involve hazardous materials, 
operations, and equipment. This standard does not purport to 
address all of the safety problems associated with its use. It 
is the responsibility of whoever uses this standard to consult 
and establish appropriate safety and health practices and to 
determine the applicability of regulatory limitations prior to 
its use. For specific precautionary statements, see 10.6.5 and 
Appendix A. 


10.6.2 Referenced Publications 


The most recent editions of the following standards, 
codes, and specifications are cited in this section: 


ACGIH! 
0021 Threshold Limit Values and Biological Expo- 
sure Indices 1991-1992 


ASTM? 
D95_ Test Method for Water in Petroleum Products 
and Bituminous Materials by Distillation 
(MPMS Chapter 10, Section 5) 
D362 = Specification for Industrial Grade Toluene 
D473 Determination of Sediment in Crude Oils and 
Fuel Oils by the Extraction Method (MPMS 
Chapter 10, Section 1) 
D 2892 Distillation of Crude Petroleum (15-Theoreti- 
cal Plate Column) 
D 4006 Determination of Water in Crude Oil by the 
Distillation Method (MPMS Chapter 10, Sec- 
tion 2) 


"American Conference of Governmental Industrial Hygienists, Building D- 
7, 6500 Glenway Avenue, Cincinnati, Ohio 45211. 

?American Society for Testing and Material, 1916 Race Street, Philadelphia, 
Pennsylvania 19103. 


Copyright por American Petroleum Institute 
Fri Oct 08 15:57:59 2004 


D 4057 Practice for Manual Sampling of Petroleum 
and Petroleum Products (MPMS Chapter 8, 
Section 1) 

D4177 ~~ Practice for Automatic Sampling of Petroleum 

and Petroleum Products (MPMS Chapter 8, 

Section 2) 

Water in Crude Oils (Karl-Fischer) Titration 

(MPMS Chapter 10, Section 7) 

Water in Crude Oils by Coulometric Karl-Fis- 

cher Titration (MPMS Chapter 10, Section 9) 


D 4377 


D 4928 


API 
Manual of Petroleum Measurement Standards (MPMS) 

Chapter 8, “Sampling,” Section 1, “Manual 
Sampling of Petroleum and Petroleum Prod- 
ucts”; Section 2, “Automatic Sampling of 
Petroleum and Petroleum Products” 

Chapter 10, “Sediment and Water,” Section 1, 
“Determination of Sediment in Crude Oil and 
Fuel Oils by the Extraction Method”; Section 
2, “Determination of Water in Crude Oil by the 
Distillation Method”; Section 3, “Determina- 
tion of Water and Sediment in Crude Oil by the 
Centrifuge Method (Laboratory Procedure)”; 
Section 5, “Determination of Water in 
Petroleum Products and Bituminous Materials 
by Distillation”; Section 7, “Determination of 
Water in Crude Oils (Karl-Fischer) Titration” ; 
Section 9, “Determination of Water in Crude 
Oils Coulometric Karl-Fischer Titration” 


IP? 
Specification for Toluol 


OSHA* 
29 Code of Federal Regulations Subpart Z, Part 
1910.1000 and following 


10.6.3 Principle 


Equal volumes of fuel oil sample and water-saturated 
toluene are placed in each of two cone-shaped centrifuge 
tubes. After centrifugation, the volume of the higher-gravity 
water and sediment layer at the bottom of each tube is read. 


>The Institute of Petroleum, 61 New Cavendish Street, London, WIM 8AR 
England. 

‘Occupational Safety and Health Administration, U.S. Department of Labor. 
The Code of Federal Regulations is available from the U.S. Government 
Printing Office, Washington, D.C. 20402. 
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The sum of the two volumes is the water and sediment con- 
tent of the sample. 


10.6.4 Significance 


The water and sediment content of fuel oil is significant 
because it can cause corrosion of equipment and problems in 
processing. The water and sediment content must be known 
to accurately measure net volumes of actual fuel oil for sales, 
taxation, exchanges, and custody transfers. 


10.6.5 Solvent 


WARNING: Toluene shail meet the specifications of ASTM 
D 362. See Appendix A for general information regarding 
the physical characteristics of toluene and for fire, safety, and 
health considerations relating to its use. 


WARNING: Information concerning particular materials and 
conditions should be obtained from the employer, from the 
manufacturer or supplier of the materials, or from the mate- 
rial safety data sheet. 


The solvent shall be water saturated at 6043°C (14045°F), 
but shall be free of suspended water. This condition may be 
achieved by the addition of 2 milliliters of water per 1000 
milliliters of solvent. Shaking will promote the saturation 
process, but adequate settling time is necessary to ensure that 
the solvent is free of suspended water before use. (See Ap- 
pendix B.) 

Note 1: It has been observed for some fuel oils that temperatures higher 
than 60°C (140°F) may be required to obtain correct sediment and water con- 
tent. If temperatures higher than 60°C (140°F) are necessary, they may be used 


only with the consent of the parties involved. Water saturation of toluene 
must also be done at this higher testing temperature. (See Appendix B.) 


Note 2: Some oils may require other solvents or solvent-demulsifier com- 
binations. Those agreed upon by the purchaser and the seller may be used. 


10.6.6 Demulsifiers 


When necessary, a demulsifier should be used to promote 
the separation of water from the sample, to prevent water 
from clinging to the walls of the centrifuge tube, and to en- 
hance the distinctness of the water-oil interface. 

When a demulsifier is used, it should be mixed according 
to the manufacturer’s recommendations and should never 
add to the volume of sediment and water determined. The 
demulsifier should always be used in the form of a demulsi- 
fier-solvent stock solution or be premixed with the solvent to 
be used in the test. See Appendix A for further information 
about demulsifiers. 


10.6.7 Apparatus 
10.6.7.1 CENTRIFUGE 


A centrifuge shall be used that is capable of spinning at 
least two filled, cone-shaped, 203-millimeter (8-inch) cen- 
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trifuge tubes at a speed that can be controlled to give a rela- 
tive centrifugal force (rcf) of between 500 and 800 at the tip 
of the tubes. 

The revolving head, trunnion rings, and trunnion cups, in- 
cluding the cushions, shall be soundly constructed to with- 
stand the maximum centrifugal force that could be delivered 
by the power source. The trunnion cups and cushions shall 
firmly support the tubes when the centrifuge is in motion. 


CAUTION and Note: The centrifuge shall be enclosed by a 
metal shield or case strong enough to eliminate danger if any 
breakage occurs. 


Calculate the speed of the rotating head in revolutions per 
minute (rpm) using the following equation: 


rpm = 1335,/ref /d (1) 


In English units, 


rpm = 265./rcf /d 
Where: 


rpm = speed of rotating head, in revolutions per minute. 
ref = relative centrifugal force (distance from center to 
end of swing). 
d= diameter of swing, in millimeters (inches), mea- 
sured between the tips of opposite tubes when in 
rotating position. 


10.6.7.2 CENTRIFUGE TUBES 


Each centrifuge tube shall be a 203-millimeter (8-inch), 
cone-shaped tube, conforming to dimensions given in Figure 
1 and made of thoroughly annealed glass. The graduations, 
numbered as shown in Figure 1, shall be clear and distinct, 
and the mouth shall be constricted in shape for closure with 
a cork or solvent-resistant rubber stopper. Graduations for 
the 203-millimeter (8-inch) tube shall be in accordance with 
requirements in Table 1. Scale error tolerances and the small- 
est graduations between various calibration marks are given 


Table 1—Centrifuge Tube Calibration Tolerances 
for 203-Millimeter (8-Inch) Tube 


Volume 
Range Subdivision Tolerance 
(milliliters) (milliliters) (milliliters) 
0 to 0.1 0.05 +0.02 
Above 0.1 to 0.3 0.05 +0.03 
Above 0.3 to 0.5 0.05 +£0.05 
Above 0.5 to 1.0 0.10 +£0.05 
Above 1.0 to 2.0 0.10 +£0.10 
Above 2.0 to 3.0 0.20 0.10 
Above 3.0 to 5.0 0.50 +£0.20 
Above 5.0 to 10 1.00 +£0.50 
Above 10 to 25 5.00 +£1.00 
Above 25 to 100 25.00 £1.00 


a 
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Figure 1—203-Millimeter (8-Inch) Centrifuge Tube 


in Table 1 and apply to calibrations made with air-free water 
of 20°C (68°F), when reading the bottom of the shaded 
meniscus. 

The accuracy of the tube graduation marks shall be volu- 
metrically verified or gravimetrically certified before use of 
the tube, in accordance with ASTM E 542 using equipment 
traceable through the National Institute for Standards and 
Technology. The verification or certification shall include 
verification of each mark up through the 0.5-milliliter mark; 
of the 1-, 1.5-, and 2-milliliter marks; and of the 50- and 100- 
milliliter marks. The tube shall not be used if the scale error 
at any mark exceeds the applicable tolerance in Table 1, 


10.6.7.3 BATH 
The bath shall be either a solid metal block bath or a liquid 
bath of sufficient depth for immersing the centrifuge tube in 
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the vertical position to the 100-milliliter mark. Means shall 
be provided for maintaining the temperature at 60+1°C 
(140+2°F). (See 10.6.5, Note 1.) 


10.6.8 Sampling 


Sampling is defined as all steps required to obtain an 
aliquot of the contents of any pipe, tank, or other system and 
to place them into the laboratory test container. Only repre- 
sentative samples obtained as specified in Chapter 8, Section 
| (test method ASTM D 4057) and Chapter 8, Section 2 (test 
method ASTM D 4177) shall be used for this method. 

Appendix C contains additional information on sampling 
and homogenization efficiency of an untested mixer. This 
method should not be attempted without strict adherence to 
the contents of Appendix C. 


10.6.9 Procedure 


10.6.9.1 Fill each of two centrifuge tubes (10.6.7.2) to the 
50-milliliter mark with the well-mixed sample directly from 
the sample container. Then, using a pipette, add 50 milliliters 
of the water-saturated solvent. Read the top of the meniscus 
at both the 50- and the 100-milliliter marks. Insert stoppers 
into the tubes tightly and shake vigorously until the contents 
are thoroughly mixed. Loosen the stoppers on the tubes and 
immerse the tubes to the 100-milliliter mark for 10 minutes in 
a bath maintained at 60+1°C (140+42°F). (See 10.6.5, Note 1.) 


10.6.9.2 Tighten the stoppers, again invert the tubes to en- 


sure that the oil and solvent are uniformly mixed, and shake 
cautiously. 


CAUTION: In general, the vapor pressures of hydrocarbons 
at 60°C (140°F) are approximately double those at 40°C 
(104°F). Consequently, tubes should always be inverted at a 
position below eye level so that contact will be avoided if the 
stopper is blown out. 


10.6.9.3 Place the tubes in the trunnion cups on opposite 
sides of the centrifuge to establish balance and spin them for 
10 minutes at a rate, calculated using Equation 1, sufficient 
to produce a relative centrifugal force (rcf) of between 500 
and 800 at the tip of the whirling tubes. (See Table 2 for the 
relationship between diameter of swing, relative centrifugal 
force, and revolutions per minute.) The temperature of the 
sample during the entire centrifuging procedure shall be 
maintained at 6041°C (140+2°F). (See 10.6.5, Note 1.) 

Immediately after the centrifuge comes to rest following 
the spin, read and record the combined volume of water and 
sediment at the bottom of each tube as follows: 


a. Above the 1 milliliter graduation, read and record to the 
nearest 0.1 milliliter. 

b. Inthe 0.1—-1 milliliter graduation, read and record to the 
nearest 0.05 milliliter. 
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c. In the 0.025-0.1 milliliter graduation, estimate and 
record to the nearest 0.025 milliliter. 

d. If less than 0.025 milliliter of water and sediment is vis- 
ible and it is not a great enough volume to be considered 
0.025 milliliter, record the volume as less than 0.025 
milliliter. 

e. Ifno water or sediment is visible, record the volume as 
0.000 milliliter. 


See Figure 2 for graduations of the tube. Return the tubes 
without agitation to the centrifuge and spin for another 10 
minutes at the same rate. 

Repeat this operation until the combined volume of water 
and sediment remains constant for two consecutive readings. 


Figure 2—Procedure for Reading Water and 
Sediment When Using an ASTM 100-Milliliter, 
Cone-Shaped Centrifuge Tube 
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Normally, not more than two spinnings are required. Record 
the final volume of water and sediment in each tube. 

If the difference between the two final volumes in the two 
tubes is not greater than one subdivision on the centrifuge 
tube (see Table 1) or, for estimated volumes of 0.10 milliliter 
or lower, not greater than 0.025 milliliter (see Table 3), pro- 
ceed with the calculation of water and sediment content, us- 
ing Equation 2 as described in 10.6.10. If the difference is 
greater, repeat the test starting at 10.6.9.1. 


10.6.10 Calculation 


Record the final volume of water and sediment in each 
tube and report the sum of these two readings as the percent- 
age of sediment and water. Report results lower than 0.05 
percent either as 0 or 0.025 percent, whichever is closer. 

If the difference between the two readings is greater than 
one subdivision on the centrifuge tube (see Table 1) or, for 
readings of 0.10 milliliter and below, greater than 0.025 
milliliter, the readings are inadmissible and the determina- 
tion shall be repeated. 

Calculate the water and sediment of the sample as follows: 


V=V, + Vz (2) 
Where: 


V = water and sediment of the sample (the test result), % 
VIV. 

V = final volume of water and sediment per 50 milliliters 
of sample in first tube, in milliliters. 

V, = final volume of water and sediment per 50 milliliters 
of sample in second tube, in milliliters. 


Express the sum of the two admissible readings as the per- 
centage by volume of water and sediment. Report the results 
as shown in Table 3. 


Table 2—Rotation Speeds Applicable for Centrifuges 
of Various Diameters of Swing 


Revolutions per Minute 


Diameter of Swing 


Millimeters Inches? At 500 ref At 800 ref 
305 12 1710 2170 
330 13 1650 2010 
356 14 1590 2000 
381 15 1530 1930 
406 16 1490 1870 
432 17 1440 1820 
457 18 1400 1770 
483 19 1360 1720 
508 20 1330 1680 
533 21 1300 1640 
559 22 1270 1600 
584 23 1240 1560 
610 24 1210 1530 


Note: ref = relative centrifugal force. 
*For this column, the diameter of swing is measured in inches between tips 
of opposite tubes when in rotating position. 


ell a 
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10.6.11 Report 


Report the test result V as the water and sediment, % V/V. 
Round off test results as follows: 


a. Above 2.00% V/V, round off to the nearest 0.1% V/V. 

b. In the range of 0.20 to 2.00% V/V, round off to the near- 
est 0.05% V/V. 

c. Below 0.20% V/V, round off as shown in Table 3. 


Report the solvent used, if other than toluene. Report the 
name and amount of demulsifier, if used. Report the test 
temperature if it is not 60°C (140°F). 


10.6.12 Precision and Bias 


The criteria described in 10.6.12.1 and 10.6.12.2 should 
be used for judging the acceptability of results (95-percent 
probability). 


10.6.12.1| REPEATABILITY 


The difference between successive test results, obtained 
by the same operator with the same apparatus under constant 
operating conditions on identical test material, would in the 
long run, in the normal and correct operation of the test 
method, exceed the values in Figure 3 in only one case in 
twenty. 


10.6.12.2 REPRODUCIBILITY 


The difference between two single and independent test 
results obtained by different operators working in different 
laboratories on identical test material, would in the long run, 
in the normal and correct operation of the test method, ex- 
ceed the values in Figure 3 in only one case in twenty. 


10.6.12.3 BIAS 


Since there is no accepted reference material suitable for 
determining the bias for the procedure described in Chapter 


Copyright por American Petroleum Institute 
Fri Oct 08 15:57:59 2004 


API MPMS*10-6 95 MM 0732290 0544695 TOO 


10, Section 6, for determining water and sediment in fuel oils 
by the centrifuge method (laboratory procedure), no state- 
ment about bias is being made. 


PERCENTAGE OF WATER AND SEDIMENT 


0 0.1 0.2 0.3 0.4 0.5 
PRECISION, 95-PERCENT CONFIDENCE LIMIT 


Figure 3—Precision Curves for Centrifuge 
Tube Methods 


Table 3—Reporting Sediment and Water Results 


Volume of Sediment and Water 


(milliliters) Total Sediment 
and Water 
Tube 1 Tube 2 (percent) 
None visible Trace 0 
None visible 0.025 0.025 
0.025 0.025 0.05 
0.025 0.05 0.075 
0.05 0.05 0.10 
0.05 0.075 0.125 
0.075 0.075 0.15 
0.075 0.10 0.175 
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APPENDIX A—PRECAUTIONARY INFORMATION 


A.1_ Physical Characteristics and 
Fire Considerations 


WARNING: Information concerning particular materials and 
conditions should be obtained from the employer, from the 
manufacturer or supplier of the materials, or from the mate- 
rial safety data sheet. 


The typical characteristics of toluene are the following: 


A minimum flash point of 4°C (40°F). 

An ignition temperature of 480°C (896°F). 

A boiling point of 111°C (231°F). 

An upper flammability limit of 7.1 percent by volume. 
A lower flammability limit of 1.2 percent by volume. 
A molecular weight of 92. 

. An American Public Health Association (APHA) color 
of ten (per ASTM D 1209). 

h. A boiling range (initial to dry point) of 2.0°C (3.6°F) [a 
recorded boiling point of 110.6°C (231.1°F)]. 

i. A 0.001-percent residue after evaporation. Toluene 
passes the American Chemical Society (ACS) test for sub- 
stances darkened by H,SO,. 


WARNING: Toluene is flammable and should be kept away 
from heat, sparks, or open flame. Toluene containers should 
be kept closed when they are not in use. Fires should be ex- 
tinguished with water spray, foam, dry chemical, or carbon 
dioxide. Spills should be soaked up with clay, diatomaceous 
earth, or a similar material. 


~wmenaogp 


A.2. Safety and Health Considerations 
A.2.1. GENERAL CONSIDERATIONS 


CAUTION: Potential health effects that result from chemi- 
cal exposure depend on the chemical concentration and the 
length of exposure. Everyone should minimize exposure to 
chemicals. The following general precautions are suggested: 


a. Minimize contact of chemicals with skin and eyes. 

b. Minimize breathing of chemicals’ vapors. 

c. Keep chemicals away from the mouth, since they can be 
harmful or fatal if swallowed or aspirated. 

d. Keep chemical containers closed when they are not in 
use. 

e. Keep work areas well ventilated and as clean as possible. 
f. Promptly clean up spills in accordance with pertinent 
safety, health, and environmental regulations. 

g. Observe established exposure limits and use proper pro- 
tective clothing and equipment. 

Note: For permissible exposure limits (PELs), consult the most recent edi- 
tion of the Occupational Safety and Health Standards (29 Code of Federal 
Regulations Subpart Z, “Toxic and Hazardous Substances,” Part 1910.1000 
and following) and the most recent edition of the ACGIH booklet Thresh- 


old Limit Values and Biological Exposure Indices. (See 10.3.2 of Chapter 
10, Section 3, for complete reference information.) 
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A.2.2.) TOLUENE 


CAUTION: The health of personnel can be affected by ex- 
posure to toluene through the following: 


a. Contact with the skin and eyes. 
b. Breathing of vapors. 

c. Swallowing. 

d. Aspiration. 


Toluene exhibits local irritant properties that may be mani- 
fested by the following: 


a. Dermatitis. 
b. Stinging of the eyes, nose, or throat. 
c. Respiratory irritation. 


Acute exposure to toluene may result in adverse systemic ef- 
fects, including effects on the following: 


Central nervous system. 
Cardiovascular system. 
Respiratory system. 

Gastrointestinal system. 


Pao oe 


Symptoms of acute systemic effects may include the follow- 
ing: 


Headache. 

Fatigue. 

Disturbed vision. 

Dizziness. 

Confusion. 

Numbness of the hands and feet. 

Heart palpitations. 

Anorexia. 

Gastrointestinal or respiratory difficulties. 
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Significant overexposure may lead to coma and death. 


CAUTION: Exposure to toluene may also cause long-term 
(chronic) health effects of a range of severity. 


WARNING: Information concerning safety and health risks 
and proper precautions with respect to particular materials 
and conditions should be obtained from the employer, from 
the manufacturer or supplier of the materials, or from the 
material safety data sheet. 


A.2.3. DEMULSIFIERS 


A variety of demulsifier materials may be used in the pro- 
cedure described in 10.6.6. 


WARNING: Information concerning safety and health risks 
and proper precautions with respect to particular materials 
and conditions should be obtained from the employer, from 
the manufacturer or supplier of the materials, or from the 
material safety data sheet. 
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APPENDIX B—PROCEDURE TO WATER-SATURATE TOLUENE 


B.1 Scope 


The procedure described in this appendix will satisfacto- 
rily water-saturate toluene for the determination of water and 
sediment in fuel oils by the centrifuge method. 


B.2 Significance 


Figure B-1 shows that water is soluble in toluene to a sig- 
nificant extent. The percentage of water that will dissolve in- 
creases as the temperature is increased, from about 0.03 
percent at 21°C (70°F) to about 0.17 percent at 70°C 
(158°F). Toluene, as normally supplied, is relatively dry and, 
if used in an as-received condition, will dissolve a portion-— 
or even all—of any water present in a fuel oil sample. This 
dissolution would reduce the apparent sediment and water 
level in the fuel oil sample. To determine water and sediment 
accurately by centrifuge on a fuel oil sample, the toluene 
must first be saturated at the centrifuge test temperature. 


B.3 Apparatus 


B.3.1. A liquid bath of sufficient depth for immersing a 1- 
quart or 1-liter bottle to its shoulder shall be used. Means 
shall be provided for maintaining the temperature at 60£3°C 
(140+5°F). 


B.3.2 A 1-quart or 1-liter glass bottle with screw top shall 
be used. 


B.4 Reagents 


B.4.1 Toluene that conforms to ASTM D 362 or to the IP 
Specification for Toluol shall be used. 


B.4.2 Water, either distilled or tap water, shall be used. 


B.5 Procedure 


CAUTION: In general, the vapor pressures of hydrocarbons 
at 60°C (140°F) are approximately double those at 40°C 
(104°F). Consequently, bottles should always be inverted at 
a position below eye level so that contact will be avoided if 
the cap is blown off. 


B.5.1 Adjust the heating bath to the temperature at which 
the centrifuge test is to be run. Maintain the bath temperature 
to an accuracy of +3°C, 


B.5.2 Fill the glass bottle with 700-800 milliliters of 
toluene. Add 25 milliliters of water. Screw the cap on the 
bottle and shake vigorously for 30 seconds. 


B.5.3 Loosen the cap and place the bottle in the bath for 
30 minutes. Remove the bottle, tighten the cap, and shake 
cautiously for 30 seconds. 


B.5.4 Repeat the procedure in B.5.3 three times. 


B.5.5 Allow the bottle with the water-toluene mixture to 
sit in the bath 48 hours before using it. This sitting will en- 
sure complete equilibrium between the toluene and the free 
water and complete saturation at the desired temperature. If 
it is necessary to use the water-saturated toluene before the 
48-hour equilibration time has been completed, the solvent 
must be poured into centrifuge tubes and centrifuged in the 
same equipment at the same relative centrifugal force and 
temperature that is used for the centrifuge test. The toluene 
must be carefully pipetted from the centrifuge tube so that 
any free water that may be in the bottom of the tube is not 
disturbed. 


B.5.6 Saturation is time- and temperature-dependent. It is 
recommended that bottles of the toluene-water mixture be 
kept at test temperature in the bath at all times so that satu- 
rated solvent will be available whenever tests are to be run. 
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TEMPERATURE, °C 
6.7 4.4 15.6 26.5 37.8 48.9 60 714 


0.075 
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Figure B-1—Solubility of Water in Toluene 


—— 
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APPENDIX C—FUEL OIL SAMPLE CONTAINER MIXER PROVING PROCEDURES 


C.1 


C.1.1 Sampling is all the steps required to obtain an 
aliquot that is representative of the contents of any pipe, 
tank, or other system, and to place that aliquot in a container 
from which a representative test sample can be taken for 
analysis. The sample container and sample volume shall be 
of sufficient dimensions and volume to allow mixing as de- 
scribed in C.3 and C.4. 


Definitions 


C.1.2 The sample container is the container in which a 
sample is presented for analysis. Only representative sam- 
ples obtained as specified in Chapter 10, Section 8 (ASTM 
D 4057 and D 4177) shall be used. 

Examples of sample containers include the following: 


a. Sample bottles from a manual sampling procedure. 

b. Sample receivers used in automatic sampling systems. 
c. Storage bottles and cans holding samples retained from 
a previous analysis. 


C.1.3 The test specimen is the aliquot taken from the sam- 
ple container for analysis. Once drawn from the sample con- 
tainer, the entire volume of the test specimen is to be placed 
in the laboratory glassware or apparatus and used in the anal- 
ysis without being placed in an intermediate container. 


C.2 Sample Mixers 


Before a test specimen is drawn from the sample con- 
tainer, the sample container must be mixed to create a homo- 
geneous mixture. Sample container mixers fall into the two 
basic categories described in C.2.1 and C.2.2. 


C.2.1 INSERTION MIXERS 


Insertion mixers are stand-alone devices that are not an in- 
tegral part of a given system. The units usually can be used 
on various types and sizes of sample containers, Units com- 
monly referred to as nonaerating, high-speed, shear mixers 
exemplify insertion mixers. Alternatively, insertion mixers 
may be of a circulating loop design where a suction port is 
inserted into the sample container and the sample is circu- 
lated externally through a static mixer and then discharged 
back into the sample container through a dispersal system. 


C.2.2 CLOSED-LOOP MIXERS 


Closed-loop mixers are normally designed as a part of an 
automatic sampling system. The unit may be an integral part 
of a stationary sample receiver or a stand-alone unit used for 
portable sample receivers. Because the mixer is of a closed- 
loop design, the sample is maintained under the same condi- 
tions of pressure while being mixed as while being collected. 
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C.3 Proving Test for Insertion 
Laboratory Mixers 


The ability of any untested mixer to create a homogeneous 
mixture in a given sample container must be evaluated be- 
fore it is used. In the case of insertion mixers, each mixer 
must be reevaluated for any change in the following: 


Fuel oil type. 

Volume in the sample container. 

Type of sample container. 

Change in mixing conditions, such as the following: 
1. Mixing speed. 

2. Mixing time. 

e. Increase in free water level. 


aoop 


It is recommended that for each test conducted, a form such 
as the Sample Proving-Test Data Sheet for Insertion Mixers 
(see Figure C-1) be completed and maintained on file. 


C.3.1 RECOMMENDED EQUIPMENT AND 


MATERIALS 


The following equipment and materials are recommended: 


a. Four-place laboratory balance. 

b. One-place laboratory balance. 

c. Karl-Fischer titration instrument for performing test 
method ASTM D 4377 (Chapter 10, Section 7) or ASTM D 
4928 (Chapter 10, Section 9). 

d. Two gas-tight syringes with 127-millimeter (5-inch) nee- 


e 

f, 

g. Sample container. 

h. Beakers. 

i. Dry fuel oil. 

j. Deionized distilled water. 
k. Ice bath (as required). 


C.3.2 BASE WATER DETERMINATION 


C.3.2.1 Fuel oil in proving tests should contain less than 
0.1 percent entrained water and no free water. To arrive at 
this level of water, it may be necessary to perform a prelim- 
inary distillation to remove excess water as described in test 
method ASTM D 2892. 


C.3.2.2 Weigh an empty sample container to the nearest 
10 milligrams. Fill the container to the level normally used 
(usually 80-percent full) with dry fuel oil. 


C.3.2.3 Immerse the mixer head or suction port into the 
fuel oil to a point about 5 millimeters (7/,, inch) above the 
bottom of the container, and mix the fuel oil at the speed and 


API MPMS*10-6 95 MM 0732290 OS44700 1Tl @& 


12 CHAPTER 10—SEDIMENT AND WATER 


for the time expected to be used in normal operations. Sug- 
gested mixing time for variable-speed mixers is 1-5 minutes 
at 5000-7000 rpm. Suggested mixing time for fixed-speed 
circulation mixers is 5 minutes. 


C.3.2.4 Immediately determine the water content based 
on duplicate readings that agree within 0.05 percent. Calcu- 
late the average water content to the nearest 0.1 percent. 


C.3.3 TEST FOR KNOWN WATER LEVEL 


C.3.3.1 Weigh the fuel oil and container. Weigh volumes 
of less than 950 milliliters (1 quart) to the nearest 0.01 gram. 
Weigh larger volumes to the nearest 0.1 gram. 


C.3.3.2 Knowing the weight of the fuel oil, add enough 
water (deionized distilled water should be used) to increase 
the water content of the dry fuel oil to a level 1.0 percent 
above the normal high level of water that would be expected 
for the fuel oil being tested. To add water to sample volumes 
less than 0.95 liter (1 quart), use a syringe that is weighed to 
the nearest 0.1 milligram before and after injection of the 
water. It is preferable to use a needle that will reach to the 
bottom of the container. The needle should be wiped free of 
water or fuel oil before each weighing. A beaker may be 
used to add water to sample containers larger than 950 
milliliters (1 quart). 


C.3.3.3 Calculate the percent mass of water in the sample 
container, giving consideration to the following: 

a. The base water found in C.3.2. 

b. The weight of water added in C.3.3.2. 


C.3.3.4 After adding the water, let the sample container 
sit undisturbed for 15 minutes, Next, immerse the mixer at 
the same point and level as in C.3.2.3. Mix the sample at the 
same speed and duration used in C.3.2.3. Care must be taken 
to prevent a rise in temperature that would cause liquid or 
foam to boil from the sample container. To prevent a boil- 
over, it may be necessary to place the sample container in an 
ice bath. 


C.3.3.5 At the end of the mixing time, but prior to turning 
off or slowing down the mixer, draw duplicate 0.25-milliliter 
test specimens into syringes and test immediately for percent 
water. Turn off the mixer and let the sample container sit 
undisturbed for 15 minutes. At the end of the 15-minute pe- 
riod, draw duplicate 0.25-milliliter test specimens and test 
for percent water. 


C.3.4 ANALYSIS OF RESULTS 


C.3.4.1 The mixer, the position of the mixer head or the 
suction/discharge ports, and the mixing time are adequate 
when test results from duplicate specimens are obtained that 
are within 0.1 percent of each other and the calculated per- 
cent mass in C,3.2.4. 
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C.3.4.2 If acceptable results have been obtained by taking 
test specimens while the mixer is running, and it will be nor- 
mal practice to take test specimens while the mixer is run- 
ning, no further testing is required. This, of course, assumes 
that in actual practice duplicate test specimens are drawn di- 
rectly into the laboratory glassware or test apparatus and not 
into an intermediate container. 


C.3.4.3 If in actual practice the mixer must be shut down 
to draw test specimens into the laboratory glassware or test 
apparatus, the mixer must produce a mixture that remains 
stable for 15 minutes after mixing as determined by the 15- 
minute test specimens taken in C.3.3.5. 


C.3.4.4 If acceptable results have not been obtained, the 
proving test must be repeated on fresh portions of fuel oil 
and water in a clean sample container while changing one or 
a combination of the following until the chosen conditions 
result in a mixture that yields the required agreement within 
an acceptable time: 


a. The power. 
b. The mixing time. 
c. The height of the mixer head or suction/discharge ports. 


The successful conditions of power, mixing time, and depth 
of mixer head or suction/discharge ports should then be used. 
for all subsequent mixing operations for that sample con- 
tainer and fuel oil. Experience has shown that if agreement 
has not been obtained from duplicate test specimens drawn 
after 15 minutes of mixing with the mixer running, addi- 
tional mixing time is normally of no value. A change in one 
of the other conditions is necessary. 


C.4_ Proving Test for Closed—Loop 
Mixing Systems 


Since closed-loop mixers are normally designed for only 
one type and configuration of sample receiver and operate at 
a constant flow rate, closed-loop mixing systems need only 
be reevaluated with changes in fuel oil type and an increase 
in free water level. If more than one type and configuration 
of sample receiver is used with a given mixer, however, ad- 
ditional evaluations are required for each configuration. 

It is recommended that for each test conducted, a form 
such as the Sample Proving-Test Data Sheet for Closed-Loop 
Mixing Systems (see Figure C-2) be completed and main- 
tained on file. 


C.4.1 RECOMMENDED EQUIPMENT AND 
MATERIAL 
The following equipment and materials are recommended: 


a. Four-place laboratory balance. 
b. One-place laboratory balance with a 6000-gram capacity. 
c. Karl-Fischer titration instrument for performing 
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test method ASTM D 4377 (Chapter 10, Section 7) or 
ASTM D 4928 (Chapter 10, Section 9). 

d. Two gas-tight syringes with 127-millimeter (5-inch) nee- 
dles. 


e. Aclean sample receiver. 
f. Heater. 

g. Beakers. 

h. Dry fuel oil. 

i. Deionized distilled water. 


C.4.2 BASE WATER DETERMINATION 


C.4.2.1 Fuel oil used in proving tests should contain less 
than 0.1-percent entrained water and no free water. To arrive 
at this level of water, it may be necessary to perform a pre- 
liminary distillation to remove excess water as described in 
test method ASTM D 2892. 


C.4.2.2 With a beaker that can be weighed full to the 
nearest 0.1 gram, fill the sample container to be tested to its 
normal operating level (usually 80-percent full) with dry fuel 
oil. The best procedure for weighing the fuel oil follows: 
First fill the beaker with fuel oi! and weigh it. Then pour the 
fuel oil into the sample receiver and reweigh the beaker. The 
sum of the required number of pours from the beaker is the 
total weight of dry fuel oil in the sample receiver. 


C.4.2.3 Connect or align the sample receiver with the cir- 
culation pump and begin mixing. After 15 minutes and while 
the mixer is running, draw duplicate 0.25-milliliter syringes 
and determine the base-line water content to the nearest 0.1 
percent. To be acceptable, results of the duplicate draws 
should be within 0.05 percent of each other. 


C.4.3. TEST FOR KNOWN WATER LEVEL 


C.4.3.1 Using a beaker, add a quantity of water to the 
sample container that will increase the water content to a 
level that is 1 percent higher than the amount normally ex- 
pected to be incurred in the given fuel oil. Return to the sam- 
ple receiver any excess fuel oil that was drawn when test 
specimens for the base line were being drawn. 

Note: Most closed-loop mixing systems either (a) do not have septums 
through which test specimens can be drawn or (b) operate at a pressure high 
enough that use of septumis is unsafe. In these cases, it is recommended that 


the test sample draw-off valve be equipped with a short piece of 6-millime- 
ter ('j-inch) copper tubing on which a short piece of plastic tubing has been 
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slipped over the open end. The open end of the plastic tubing is placed in a 
clean, 950-milliliter (1-quart) jar. Once flow is established and the tubing 
displaced, the syringe can be filled through a hole that has been punched in 
the plastic tubing with the syringe needle. 


C.4.3.2 Calculate the percent mass of water in the sample 
receiver, giving consideration to the following: 


a. The base water found in C.4.2.3. 
b. The weight of water added in C.4.3.1. 


C.4.3.3 After adding water to the sample receiver, let the 
water-sample mixture sit undisturbed for 15 minutes, then 
mix it for 15 minutes. After the 15 minutes of mixing, draw 
duplicate 0.25-milliliter test specimens and test for percent 
mass of water. At predetermined intervals of 5 or 10 minutes, 
draw and test additional duplicate test specimens for a total 
25-35 minutes of mixing time. 


C.4.4 ANALYSIS OF RESULTS 


C.4.4.1 The system and mixing time are adequate when 
test results from duplicate specimens are obtained that are 
within 0.1 percent of each other and the calculated percent 
mass of water in C.4.3.2. 


C.4.4.2 Experience has shown that effective systems have 
mixing times of 15-20 minutes. Normally, additional mixing 
is of no value and often produces diminishing results due to 
a reduction in viscosity caused by an increase in temperature. 
In these situations, consideration must be given to changing 
one or a combination of the following until the chosen con- 
ditions result in a mixture that yields the required agreement 
within an acceptable time: 


a. The flow rate. 

b, The in-line static mixer. 

c. The configuration of the following: 
1. The sample receiver. 
2. The suction ports. 
3. The discharge ports. 


C.5 Proving Test for Sediments 


Although intended to show the effectiveness of mixers in 
the presence of water, the procedures outlined in C.3 and C.4 
are equally effective in showing the effectiveness of mixers 
in the presence of sediments. 
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PROVING-TEST DATA SHEET FOR INSERTION MIXERS 


Mixer Fuel oil Sample container 
Speed Mixing time Ice bath required 
Position of mixer head, suction/discharge ports 
Date Lab Technician 


BASE WATER CONTENT OF FUEL OIL 


Test Specimen 1 Test Specimen 2 


Weight of test specimen 
Micrograms water 


Percent mass water 
[micrograms + grams x 10,000] 


Average base water, percent mass 


CALCULATED PERCENT WATER IN SAMPLE 


Weight of sample container and fuel oil grams 
Weight of empty container grams 
Weight of fuel oil [(1)-(2)] grams 
Weight of water added grams 
Total weight of sample [(3)+(4)] grams 


Weight of base water [(3) x (A) + 100] grams 
Weight of water added (4) : grams 
Total weight of water present [(6) + (7)] grams 


Total weight of water (8) 
Total weight of sample (5) 


TEST RUNS 


Calculated percent water = percent mass? 


Test Specimen 1 Test Specimen 2 Average 


Percent Percent Percent 
When Test Specimen Drawn Micrograms mass° Weight Micrograms mass? mass? 


At end of mixing 
15 minutes after mixing 


®All values must be within 0.1 percent of one another. 


REMARKS: 


Figure C-1—Sample Proving-Test Data Sheet for Insertion Mixers 
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PROVING-TEST DATA SHEET FOR CLOSED-LOOP MIXING SYSTEMS 


BASE WATER CONTENT OF FUEL OIL 


Location Date Technician 
Manufacture Mixer model Sample receiver model 
GPM Running press In-line static mixer 


Test Specimen 1 Test Specimen 2 

Weight of test specimen grams 

Micrograms water 

Percent mass water 

[micrograms + grams x 10,000] 

Average base water, percent mass (B) 

CALCULATED PERCENT WATER IN SAMPLE 
Weight of fuel oil sample (1) grams 
Weight of water added (2) grams 
Total weight of sample [(1)+(2)] (3) grams 
Weight of base water [(1) x (B + 100)] (4) grams 
Weight of water added (2) (5) grams 
Total weight of water present [(4) + (5)] (6) grams 
Calculated percent water zs Total welaht of water (5) weight CE weter6) x percent mass* 

Total weight of sample (3) 


TEST RUNS 


Test Specimen 1 Test Specimen 2 


Percent Percent 
Time Weight Micrograms mass* Weight Micrograms mass* 


*All values must be within 0.1 percent of one another. 


REMARKS: 


Figure C-2—Sample Proving-Test Data Sheet for Closed-Loop Mixing Systems 
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